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Device for use as stand-alone device and as slave device in a data bus system. 



The invention relates to device for use in data bus system such as a USB bus 

system. 

The USB system is knovm from PCT patent application WO99/08422 
(assigned to the same applicant as the present application; applicant's ref. No. PHN 16496). 
5 A USB bus system comprises a host station connected to a device via a USB cable. The 
connection may be indirect, via hub station connected to the USB cable, or direct, w^ith the 
host station itself connected to the USB cable. 

The USB cable contains a first and a second power supply conductor and a 
first and a second data transfer conductors. The power supply conductors serve to supply 
10 power from the host station to the device (or from any intermediary station if the device is 

cormected indirectly). USB devices such as a mouse or a keyboard power their operation with 
the power received from the USB cable. Other devices may have their own power supply and 
don't use the power from the USB cable. 

The data transfer conductors serve for communication of data between the host 
1 5 and the device. The data includes commands send from the host to the device to control the 
device and data such as mouse position updates or keystrokes. The USB bus system is 
hierarchical in the sense that all message communication via the data transfer conductors is 
controlled by the host and the device operates as a slave, which waits for instructions 
received from the host. 

20 The data transfer conductors also serve to signal attachment of the device to 

the USB cable. Any device may be attached to the USB cable at any time, also after the host 
station has started up. The bus system pulls the potential of the data transfer conductors 
toward that of the first power supply conductor. The device contains a resistor connected 
between one of the data transfer conductors and the second power supply conductor, so that 

25 the potential of the data transfer conductor is pulled toward that of the second power supply 
conductor when the device is attached to the USB cable. The host station monitors the 
potential of the data transfer conductor (directly or by means of a hub station). If the potential 
of the data transfer conductor shifts towards that of the second power supply conductor, a 
"connect condition" is said to occur, signaling to the host station that a device has been 
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attached. Once the host station detects the "connect condition", the host station starts 
communicating with the device, in order to set-up the device and to set the device into action. 



resistor. When the device is switched on the switch is initially non-conductive and it is made 
conductive only after the device has had time to initialize itself. Thus the device creates a 
delay between attachment and the occurrence of the "connect condition". The delay gives the 
device the opportunity to initialize itself before the host can communicate with the device to 
1 0 set it in action. When there is no host station, or the when the host station is switched-off, the 
device does not get into action. 



filing the present application; assigned to the same applicant as the present patent 
application), which is incorporated herein by way of reference, describes how a device can be 
1 5 used either as a hub connecting the host station to the subsystem or as a host of the 

subsystem. However, this earlier filed patent application does not describe the use of the 
power supply to detect the absence on presence of an active host station. 



device is for use in a USB bus system. According to the invention, the device uses the 
presence or absence of power supply on the bus cable to decide whether to start operating in 
25 a stand-alone mode or to wait for data transfer from the host station to operate as a slave. If 
no power is supplied via the bus cable, the device operates in the stand-alone mode. 



as "slave" of the host station. In the stand-alone mode the device operates independent from 
any messages from the data transfer conductors. The device starts actions that the device 
30 would not take, or would only take upon command by the host station, if the host station had 
been detected. "Stand-alone" does not exclude the possibility that the device itself acts as host 
station for a bus-subsystem connected to the device. Claim 2 describes an embodiment of the 
device according to the invention. In this embodiment, the device disables the creation of a 
"connect condition" (pulling the potential of the data transfer conductor back to the potential 



The device according to WO99/08422 has a switch in series with the second 



Earlier filed patent application No. EP 99201337.5 (impublished at the time of 




By "stand-alone" it is meant that the device does not operate in the bus system 
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of one of the power supply conductors) when in the stand-alone mode. This prevents that a 
host station will unexpectedly try to start communication with the device when the device is 
attached to the bus system during operation in the stand-alone mode. In the slave mode, 
creation of the "connect condition" is normally enabled. 
5 Claim 3 describes an embodiment of the device according to the invention that 

uses a single connection of the control circuit both to sense whether a host station is present 
and to control the generation of the "connect condition". The data transfer conductor is 
connected via a resistive element to a potential source to pull the potential of the data transfer 
conductor so as to create the connect condition. Preferably, the potential source is derived 
1 0 from the power supply conductors. 

Another embodiment of the device according to the invention is described in 
Claim 5. This embodiment allows the device to continue testing whether the device is 
attached to an active bus system, also after the device has initially entered the stand-alone 
mode or the slave mode. Thus, the device can switch from the stand-alone mode to the slave ' 
1 5 mode or vice versa, dependent on whether or not a power supply is detected on the power 
supply lines during operation in the stand-alone mode or the slave mode. The device may 
provide for swdtching from the stand-alone mode to the slave mode, or for switching from the 
slave mode to the stand-alone mode or both. 

p{ ^Uy^ When switching from the slave mode to the stand-alone mode or vice versa, a 
H= 20 resisfive connection between the data tranter conductor and the first one of the power supply 
g conductors is preferably switched off aryon respectively, to simulate disconnect and connect 

of the device. In a fiuther embodimeny the device uses a single connection to its control 
circuit both to monitor the power supply and to control signaling of the connect condition. 



25 



These and other advantageous aspects of the device according to the invention 
will be described in more detail using the following figures. 
Figure 1 shows a bus system 

Figure 2 shows an embodiment of a connect circuit 



30 



Figure 1 shows a bus system. The bus system comprises a host station part 1 0 
and a device 14 connected via a cable 12. The host station part may be for example a USB 
host station, or part of a USB system containing a host station connected to one or more hubs. 
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the cable 12 being coupled to a port of a hub. The cable 12 comprises power supply 
conductors 120, 122 and data transfer conductors 124, 126. The device 14 has a connector 16 
connecting the device 14 to the cable 12. The device 14 contains a data reception circuit 140 
coupled to the data transfer conductors 124, 126 for receiving and transmitting messages via 
5 the data transfer conductors 124, 126. 

The device 14 also contains a control circuit 142 (implemented for example as 
a suitably programmed micro-controller), a connect circuit 144 and resistors 146, 148. The 
control circuit 142 has an input/output connection coupled to a control input of the connect 
circuit 144 via a node 149. The node 149 is coupled to the power supply connections 120, 
10 122 of the cable 12 via resistors 146, 148 respectively. The device 14 is powered by its own 
power supply (not shown). 
^^^^ ^^2>7 operation, the host station par^ 10 initially supplies a power supply voltage 

■h (p'E>' 5V) across power supply conductors 120, 122. This power supply voltage may be used 

3; to power simple devices 14 that have no ow power supply, such as a mouse or keyboard 

O 15 attached to the system. The data transfer /onductors 124, 126 are connected the low voltage 
£ power supply conductor 122 via respeotive resistances (not shown). Thus, absent any other 

connections to the data transfer conductors 124, 126, the potential of these data transfer 
H conductors 124, 126 would equal ^at of power supply conductor 122. 

pJl This is an initial situation, which occurs before the device 14 is sv^tched on 

^ 20 before the device has been attached to the host station part 10 via the cable 12. According to 
Q the USB specification, the device 14 contains a resistor (not shown in figure 1) connected to 

one of the data transfer conductors 124, 126 to pull up the potential of that data transfer 
conductor 124, 126 towards the potential of the high power supply conductor 120. Because 
the potential of these data transfer conductors 124, 126 is pulled resistively, it is still possible 
25 to impose data transfer signals on these conductors, by using a strong enough driver circuit. 
The pull-up enables the host station part 10 to detect that the device 14 has been connected to 
the bus system. In response, the host station part 12 will start communicating with the device 
via the data transfer conductors 124, 126, in order to configure the device 14. Afterwards, the 
host station will write or read data to and from the device and send control signals as 
30 appropriate for using the device. 

Typical examples of USB devices are a mouse, a keyboard, a computer 
display a camera etc. If the device 14 is not attached to the host station part 10, or when the 
host station part 10 is not switched-on a USB device would conventionally remain inactive. 
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waiting until the host station part 10 is attached or switched on and starts sending messages 
over the data transfer conductors. 

The device 14 according to the invention deteofts whether an active host station 
10 is attached to the connector 16 and switches to a staj/d-alone operating mode if this is 
5 not the case. The device 14 tests the power supply voltago^supplied via the power supply 
conductors 120, 122 to detect whether an active host stmon part 10 is attached. If this power 
supply voltage is zero or less than a predetermined tlyfeshold, the device 14 start operating in 
a stand-alone mode. For example, the device may he able to operate using local information 
or information obtained via the intemet, the devioe being connected to the internet via the 
10 host station part 10. When no active host statioir part 10 is attached, the device 14 starts 
operating "stand-alone" using local informati/n. Otherwise, the device operates as a slave, 
receiving information (e.g. access keys) from the intemet via the host station part. Of course 
many other applications of stand-alone vs/siave operation are possible, such consimier audio 
and video equipment (video recorder, CD player, TV, audio set etc.) that is either controlled 
15 by a host as part of a system or operatds stand-alone. 

To select between stand-alone operation and slave operation, the control 
circuit 142 has a connection coupled to the power supply conductors 120, 122. The control 
circuit 142 switches this connection as an input, to sense whether an active host station part 
16 is connected to the device 14. If an active station part 10 is connected, the resistors 146, 
20 148 form a voltage divider. (Resistor 146 being smaller than resistor 148, so that the potential 
of the node 149 is closer to that of the high power supply conductor 120 than to that of the 
low power supply conductor 122). This results in a high voltage at the node 149, which is 
detected by the control circuit 142, which consequently starts sets the device to operate as a 
slave. If the device is disconnected from the cable 12, the connection for the high power 
25 supply conductor floats and the potential of the node 149 is pulled to the potential of the low 
power supply connected to the control circuit 142. As a result, the control circuit set the 
device 14 to operate in the stand-alone mode. Similarly, if no power supply voltage is present 
across the power supply conductors 120, 122 the voltage at the node 149 wdll be low and the 
device will operate in the stand-alone mode. 
30 Preferably, this test for the presence of an active host station part 10 is 

repeated periodically, so that the device 14 can switch between the stand-alone mode and the 
slave mode, dependent on the appearance or disappearance of the power supply voltage. 

When the device 14 operates in the slave mode, this mode should be made 
detectable for the host station part 10, by connecting a pull-up circuit to one of the data 
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transfer conductors 124, 146. Preferably, this pull-up circuit is disabled when the device 14 is 
not prepared to operate in the slave mode, for example, when the device 14 is initializing 
itself, when it operates in the stand-alone mode, or when the control circuit has not yet 
decided whether to operate in the stand-alone mode or in the slave mode. 



124, 126 or passively or actively allows this potential to be pulled down. As shown in figure 
1, a single node 149 cotmected to the control circuit 142 is used to control the cormect circuit 
This is a preferred embodiment, because it economizes the use of output pins of the control 
10 circuit 142. However, one may of course use separate inputs and outputs (not shown) of the 
control circuit 142, to sense the voltage on the power supply connections 120, 122 and to 
control the cormect circuit 144 respectively. 



the pull-up of the data transfer conductor 124, 126 when the potential of the node 149 is high 

1 5 due to the presence of a sufficient power supply voltage on the power supply conductors 120, 
122, When the device 14 is prepared to operate in the slave mode, the control circuit 142 
switches its connection to the node to be an output pin that drives a low voltage to the node 
149. When the voltage of the node is low, the cormect circuit 144 enables pull up of the data 
transfer conductor 124, 126. Preferably, the connect circuit is designed to provide a delayed 

20 response to rising of the potential of the node 149. Thus, the pull-up will remain active for a 
short time interval (of say 1 msec) if the control circuit 142 temporarily switches its 
connection to the node to (high impedance) input, in order to sense whether a power supply 
voltage is still present on the power supply conductors. This enables the periodic tests of the 
power supply, without disconnecting the device 14 form the system. 

25 Figure 2 shows an embodiment of the connect circuit 144. The cormect circuit 

144 comprises a PMOS transistor 20, a resistor 22 and a capacitor 24. A main current channel 
of the PMOS transistor 20 is switched in series with the resistor 22 between a connection D 
for one of the data transfer conductor 124, 126 (not shown) and a cormection VBUS for the 
high power supply conductor 120 (not shown). The capacitor 24 is switched in parallel with 

30 the main current chaimel of the PMOS transistor 20. Also shown in figure 2 are the resistors 
146, 148, the node 149 and a connection GND for the low power supply conductor 122 (not 
shown) from figure 1 . 



5 



For this purpose a cormect circuit 144 is provided. Under control of the control 
circuit 142, the connect circuit 144 either pulls up the potential of one of the data conductors 



For use with a single node 149, the cormect circuit 144 is arranged to disable 



In operation the resistor 22 serves to pull up the potential of the data transfer 
conductor 124, 126 when PMOS transistor 20 is conductive. The voltage of the node 149 



PHN 17.577 



7 18.04.2000 
controls whether the PMOS transistor 20 is conductive. Resistors 146 and 149 are chosen so 
that the gate source voltage of PMOS transistor 20 will be below its threshold voltage when 
the connection of the control circuit 142 to the node 149 is switched as input. In this case, the 
data transfer conductor 124, 126 will not be pulled up by resistor 20, so that the host station 
5 part 10 will observe the cable as not connected. 

When the control circuit 142 switches its connection to the node to output and 
pulls the voltage of the node 149 down, PMOS transistor 20 will become conductive. As a 
result resistor 22 will pull up the potential of the data transfer conductor 124, 126, indicating 
to the host station part 10 that the device is connected (and prepared to act as slave). 
10 When the control circuit 142 briefly switches its connection to node 149 back 

to input, in order to sense whether power is still supplied via the power supply conductors 
120, 122 of the cable, capacitor 24 will temporarily allow resistor 20 to continue to pull up 
the potential of the data transfer conductor. The capacitance of the capacitor 24 has been 
selected so that it wall not discharge significantly during the time needed by the control 
15 circuit 142 to test the potential of the node 149. Thus, the control circuit can test the power 
supply while in the slave state without interrupting the connection to the system. 

Of course, the connect circuit is only one possible embodiment to perform this 
function. For example, one might cormect a resistor between VBUS and D and use an NMOS 
transistor to pull down the potential of D to signal that the device is not connected. In this 
20 case a buffer circuit (e.g. a resetable delay circuit) may be included between the node 149 and 
the gate of the NMOS transistor to keep the NMOS transistor non-conductive when the 
potential of the node 149 temporarily becomes high during testing for the presence of the 
power supply. A similar buffer may be used in between node 149 and the gate of PMOS 
transistor 20 instead of capacitor 24 to keep that transistor 20 temporarily conductive during 
25 sensing of the node 149. Also the resistor 22 may be connected to the own power supply of 
the device 14 (via PMOS transistor 20 in case of figure 2) instead of to the power supply 
VBUS received from the cable 12. However, connection to the power supply from the cable 
is preferred in the case of figure 2, because this makes it easier to ensure that PMOS 
transistor 20 operates properly. 



